Hy(roxvlation, desaturation ancl ndethylation reactions are required for the conversion of lycopene to spirilloxanthin in the purple photosyntlietic bacteria.
These reactions have been established by A) the identification and proof of structure of the individual carotenoids (2, 10, 12); B) analysis of changes in the individual carotenoi(Is (luring synthesis of spirilloxanthin in resting cells (6, 7, 9, 13) ; and C) analysis of the labelling pattern of the lycopene (lerivatives from radioactive precursors (3, 4). Little is known regar(ling the nature of these reactions in isolate l articles.
Transmethvlation reactions have been lemIonstrated in growing cultures and chomatophore preparations of Rhlodospirilhim rubruim (4, 5) . This paper is a report of the characteristics of S-adlenosl-mnethionine-mlethyl-CI4 incorporation into the mlethoxylate 1 carotenoicls in chromiatophore preparations of R. rutbrutni.
Materials and Methods
Cells of R. rtubrion were grown anaerobically on malate-glutamate carbon sources in 500 nml glass stoppered bottles in an illuminated water bath at 300 ( 11) . For chromatophore preparations, 1 liter of log-phase culture was harvested by centrifugation and suspende'l in 0.1 At potassium phosphate pH 7 The reaction mixtures contained in molese: 100, potassium phosphate pH 7.5; 5, GSH; 10, MgCl2; with 1.0 ml of chromatophore suspension and either 10 /Amoles ATP with 10 Ac DL-methionine-methyl-C14 or 1.0 juc of S-adenosyl-methionine-methyl-Cl4. The reaction mix- Low concentrations of p-chloromercuribenzoate (p-CMB) inhibit C14-spirilloxanthin formation from S-adenosyl-methionine-methyl-Cl4 (table III) The total amount of S-a(lenosyl-nmetlhioniine-imiethyl-C14 incorporated into spirilloxanthin varies with the physiological age of the chroniatophores (table IV) . The highest rate of transmethylation occurs in chromatophores isolated from cultures which are 46 hours old. The chromatophore protein increases throughout the experimental period of 70 hours. The labelling of spirilloxanthin from S-adlenosyl -methioiine-methyl-C' increases up to 46 hours and thereafter decliness.
Discussion
The pathway for the synthesis of spirilloxanthin from lycopene in R. rubrume consists of (10): A) The hydration of the double lbond of lycopene at carbon 1 to form OH-lycopene. This is followed by a desaturation reaction between carbons 2 and 3 to form anhydro-OH-lycopene. B ) Methylation of the hydroxyl group of anhydro-OH-lycopene leads to the formation of the monomethoxylated carotenoid P481. Hydration of the double bond at carbon 1' of P481 forms OH-P481. C) Spirilloxanthin is formed from OH-P481 by a (lesaturation between carbons 2' and 3' to form OH-spirilloxanthin followed by a methylation of the 1' hydroxyl group.
Table I\T. Spirilloxanthin Formation in Chroinatophores of Different Age
The reaction mixtures contained in moles: 100, potassium phosphate pH 7.5; 5, GSH; 10, MgCl2; 0.5 uc of S-adenosyl-methionine-methyl-Cl4 and 1.0 ml of chromatophore suspension. The reaction mixtures were incubated at 300 for 60 minutes.
Age of culture used for .
.l. The results in this paper show that adenosylmethionine-methyl-C'4 incorporation into the chromatophores of R. rubrumt labels the niethoxylated carotenoids P481, OH-P481 and spirilloxanthin. This demonstrates that the carotenoid methyl transferase(s) which catalyze the transfer of the methyl group from adenosyl-methionine to anhydro-OHlycopene and OH-spirilloxanthin is present in the bacterial chromatophores. The transmethylation reaction leading to the formation of spirilloxanthin is linear with time and requires an -SIT group for maximal activity. In this respect the carotenoil methyl transferase is similar to the 0-miethyl transferase of rat liver (1), which similarly requires an -SH group.
The highest rate of spirilloxanthin formation from adenosyl-methionine occurs in chromiatophores which are 46 hours ol0(. These results show that the age of the chromatophore is a determination factor in Sadenosyl-methionine-methyl-C'4 incorporation into the methoxylated carotenoids. A feature of carotenoid synthesis in R. rubrutm is that at the stationary phase of growth, spirilloxanthin accounts for over 90 % of the total carotenoids (13) . The log phase of growth of R. rubruin on a malate-glutamate media is approximately 90 hours at 30°. The higher rate of transmethylation in chromatophores \Which are 46 hours o(l may be accounted for by the higher concentrations of OH-spirilloxanthin at this growth stage.
The incorporation of S-at(lenosx-l-methlioninlemethyl-C14 into the methoxylated carotenoids of the isolated chrotnatophores shoxvs that the order of synthesis is P4810""OtOI-P481 >spirilloxanthin, the same sequence for the synthesis of these pigments as in growing cells of R. rubrumn (4).
Summary
The carotenoid methyl transferase(s) which is responsible for the formation of the methoxylated carotenoidls from S-a(lenosyl-methionine-methyl-CI4 is present in the chromatophores of Rhodospirillum rtubruwi. 
